Introduction
Colorectal cancer is a common type of malignancy and approximately 25% of individuals will have liver metastases at the time of the initial diagnosis. Furthermore, 40-50% of patients develop colorectal liver metastasis (CRLM) within three years of resection of the primary tumor (1) . Hepatic resection is the most effective and potentially curative therapy for CRLM, with a reported five-year survival rate of 30-50% (2) (3) (4) ; the recent development of chemotherapeutic agents has further improved the outcome of patients with CRLM (5, 6) . Therefore, assessment of prognostic predictors is important for the management of patients with CRLM.
Previously, several studies have indicated that systemic inflammatory response predicts cancer-specific survival in patients with cancer. The Glasgow prognostic score (GPS), which is calculated by the combination of serum C-reactive protein (CRP) and albumin concentrations, and the elevated preoperative neutrophil-to-lymphocyte ratio (NLR), have been revealed to predict cancer-specific survival (7) (8) (9) (10) (11) (12) . The previous study reported negative impact of GPS on post-operative complications following hepatic resection (13, 14) , and the association between perioperative immunological response and prognosis subsequent to hepatic resection for HCC (15, 16) and CRLM (17) . In the present study, the association between preoperative peripheral blood neutrophil count and disease-free, as well as overall survival, following elective hepatic resection for patients with CRLM was retrospectively investigated.
Materials and methods
Between January 2000 and December 2010, 96 patients with CRLM underwent hepatic resection at the Department of Surgery, Jikei University Hospital (Tokyo, Japan). Of these, seven patients were excluded, one patient for mortality due to a cardiovascular event, two patients due to lack of data and four patients who were lost to follow up, leaving the remaining 89 patients for this study. All patients underwent macroscopic curative resection for liver, lung and lymph node metastases. Liver resection was carried out prior to any other therapy treatments in order to avoid the possibility of liver failure. Neoadjuvant chemotherapy was administered when liver metastases were identified as unresectable or borderline resectable. Pre-operative chemotherapy was discontinued >6 weeks prior to hepatic resection in order to reduce liver Preoperative peripheral blood neutrophil count predicts long-term outcomes following hepatic resection for colorectal liver metastases injury and bone marrow suppression by chemotherapy. Generally, the extent of hepatic resection was determined based on the retention rate of indocyanine green at 15 min (ICG R15 ) prior to surgery and hepatic reserve, as previously described by Miyagawa et al (18) . A percutaneous transhepatic portal embolization was performed for patients with an estimated residual hepatic volume of <30%. Nomenclature of segments and types of operations follow the Brisbane 2000 terminology (19) . The type of resection was classified into two groups: Major resection (resection of ≥3 couinaud sub segments) and minor resection (resection <3 sub segments, or partial resection). The present study was approved by the Ethics Committee of The Jikei University School of Medicine (Tokyo, Japan). Patient characteristics were classified into two groups for the Log-rank test and the Cox proportional hazards regression model as follows: Age <65 or ≥65 years, number of regional lymph node metastases <4 or ≥4, size of largest tumor <50 or ≥50 mm, duration of operation <300 or ≥300 min and intraoperative blood loss <1,000 or ≥1,000 g, according to previous studies (10) (11) (12) (13) (14) . Using the mean or median of preoperative white blood cell subsets counts, they were classified as follows: Neutrophil <3,500 or ≥3,500/µl, lymphocyte <1,500 or ≥1,500/µl, monocyte counts <500 or ≥500/µl.
Firstly, the association between clinical variables and disease-free or overall survival following hepatic resection by univariate and multivariate analysis was investigated. The following 13 variables were evaluated: Age, gender, number of regional lymph node metastases of primary colorectal cancer, synchronous or metachronous CRLM, status of neoadjuvant chemotherapy, tumor distribution, diameter of the largest tumor, type of resection, duration of operation, intraoperative blood loss and the neutrophil, lymphocyte, and monocyte count.
Subsequently, the correlation between neutrophil count and the patient characteristics was analyzed using the following 12 factors: Age, gender, number of regional lymph node metastases of primary colorectal cancer, synchronous or metachronous CRLM, status of neoadjuvant chemotherapy, tumor distribution, diameter of the largest tumor, type of resection, duration of operation, intraoperative blood loss and the lymphocyte and monocyte count.
Recurrence of colorectal cancer was defined as newly detected local, hepatic, lung or extrahepatic tumors by ultrasonography, computed tomography, or magnetic resonance imaging, with or without an increase in serum carcinoembryonic antigen or carbohydrate antigen 19-9 (CA 19-9). For recurrent liver metastasis, repeated hepatic resection, local ablation therapy or systemic chemotherapy was performed based primarily on the number, size and location of the recurrent liver tumors, in addition to hepatic functional reserve, including ICG R15 , and remnant liver volume. For lung metastasis, limited partial lung resection or systemic chemotherapy was performed. For local recurrence, tumor resection, radiotherapy or systemic chemotherapy was performed. Statistical analysis. Data are expressed as the mean ± standard deviation (SD). Analysis of disease-free and overall survival was performed using the Log-rank test. Univariate analysis was performed using the Mann-Whitney U-test and χ 2 test. Multivariate analysis was performed using the Cox proportional regression model, incorporating all variables with P<0.05 in the univariate analysis. These analyses were conducted using IBM ® SPSS statistics version 20.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference. Table I as the mean ± SD, range or ratio. Preoperative neutrophil counts were 3,466.3±1,206.6/µl (mean ± SD). Certain patients received neoadjuvant chemotherapy for liver resection (7/89). Table II presents the association between the clinical variables and disease-free survival following hepatic resection. In univariate analysis, disease-free survival was significantly poorer in patients with >4 lymph node metastases (P= 0.018), presence of neoadjuvant chemotherapy (P= 0.026), bilobar distribution (P=0.002) and neutrophil count ≥3,500/µl (P=0.021; Fig. 1A) . In multivariate analysis, the presence of neoadjuvant chemotherapy (P= 0.015), bilobar distribution (P= 0.015) and neutrophil count ≥3,500/µl (P=0.025), were independent and significant predictors of disease-free survival.
Results

Patient characteristics. Patient characteristics are presented in
Univariate and multivariate analysis of disease-free survival following hepatic resection and clinical variables.
Univariate and multivariate analysis of overall survival following hepatic resection and clinical variables. Table III presents the association between the clinical variables and overall survival following hepatic resection. In univariate analysis, overall survival was significantly poorer in patients with >4 lymph node metastases (P<0.001), the presence of neoadjuvant chemotherapy (P= 0.003), bilobar distribution (P= 0.0007) and neutrophil count ≥3,500/µl (P=0.029; Fig. 1B) . In multivariate analysis, >4 lymph node metastases (P=0.001), presence of neoadjuvant chemotherapy (P=0.003), bilobar distribution (P=0.039) and neutrophil count ≥3,500/µl (P= 0.040), were independent and significant predictors of overall survival.
Univariate analysis of clinical variables in association
with the neutrophil count. Table IV presents the association between clinical variables and the neutrophil count. In univariate analysis, tumor diameter (P=0.021) and monocyte count (P<0.001) were significantly greater in the group of patients with an elevated neutrophil count. Synchronous CRLM (P= 0.088) and intraoperative blood loss (P= 0.065) tended to be greater in patients with elevated neutrophil count group; however, this was not statistically significant.
Discussion
Systemic inflammation has been reported to correlate with poorer cancer-specific survival in numerous types of cancer (7) (8) (9) (10) (11) (12) 20) . Previous studies have demonstrated that the host inflammatory response to cancer and/or the systemic effects exerted by cancer cells leads to the upregulation of the inflammatory process, predisposing the cancer to proliferation and metastasis by the inhibition of apoptosis, promotion of angiogenesis and repair of DNA damage (21, 22) . The presence of a systemic inflammatory response may be detected by the elevation of the CRP level and neutrophil count (7) (8) (9) (10) (11) (12) . Using these parameters, prognostic markers, including GPS and NLR, were reported to be associated with poor survival following hepatic resection for CRLM (9) (10) (11) 23) . In the present study disease-free and overall survival of patients with preoperative high neutrophil counts following elective hepatic resection for CRLM, was revealed to be significantly poorer by statistical analyses. The prognostic value of NLR in the present study cohort was also investigated; however, NLR was not a significant predictor of the overall survival (P= 0.193, data not presented). This result indicates that neutrophil counts may themselves be an inflammatory and prognostic marker. Neal et al (24) demonstrated that the neutrophil count had a greater predictive value on long-term outcomes compared with NLR, when the multivariate Cox proportional regression model analyzed factors.
Inflammatory status represents a response process to detection of CRLM (25) . In the present study, tumor size was larger in patients with higher neutrophil counts. These results indicate that tumor invasion or expansion elicits inflammation in the microenvironment. Neutrophils contribute to continuous angiogenic stimulation, including the release of endothelial growth factor (26) . This condition may accelerate the growth of cancer cells or micro-metastases (27) . Additionally, systemic inflammation also induces the suppression of antitumor immunity by recruitment of regulatory T cells and activation of cytokines (25) . Preoperative systemic inflammation and an immunosuppressive state may increase the risk of postoperative infectious complications, which influence long-term outcomes in patients with CRLM (24, 28) .
In the present study, neoadjuvant chemotherapy demonstrated a negative impact on long-term outcomes following hepatic resection for CRLM. Neoadjuvant chemotherapy prior to hepatic resection in patients with resectable CRLM may facilitate the resectability of liver lesions and treat occult metastasis; however, it may also lead to hepatic parenchymal injury, which may increase morbidity and mortality following surgery (29,30). There are conflicting opinions over the oncological benefit of this practice in patients who may already be suitable for a curative hepatic resection (31, 32) . Additionally, in the present study patients treated with neoadjuvant chemotherapy were limited and Table II . Univariate and multivariate analysis of clinical variables in association with disease-free survival following hepatic resection. had a more aggressive disease, including bilobar distribution (P=0.038, data not presented), compared with patients without neo-adjuvant chemotherapy on initial presentation, as liver resection had priority over other therapies at Jikei University Hospital.
Univariate analysis Multivariate analysis
In summary, preoperative elevation of the peripheral neutrophil count is an independent risk factor for disease-free as well as overall survival. Prevention of systemic inflammatory response may improve perioperative outcomes and long-term survival following resection of malignant tumors. Several Table III . Univariate and multivariate analysis of clinical variables in association with overall survival following hepatic resection.
Univariate analysis
Multivariate analysis therapeutic agents targeting the inflammatory response are undergoing clinical trials (33) . Further investigation to clarify the association between the immunosuppressive mechanisms induced by systemic inflammation and tumor progression is important in order to improve the therapeutic outcome of oncological surgery. In conclusion, preoperative peripheral blood neutrophil count is an independent and significant indicator of long-term outcomes in patients with CRLM following hepatic resection. Table IV . Univariate analysis of clinical variables in association with preoperative neutrophil counts. 
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